Background : Arrhythmias are among the malignant causes of syncope. This study has been undertaken to determine the relative incidence and significance of dysrhythmia in the pathogenesis of syncope among patients referred to a pediatric cardiology unit. Methods : Between March 1997 and March 1999, 105 consecutive patients (59 female, 46 male) aged 11.5 ± 3.6 years without neurologic or cardiac morphologic causes were evaluated for at least one episode of syncope. A pediatric cardiologist and a pediatric neurologist evaluated all the patients. Routine chest X-ray, 12-lead electrocardiogram (ECG), electroencephalography (EEG), 24-h Holter monitoring and echocardiography were carried out. When deemed necessary, further tests were undertaken for the cases of syncope which were unexplained by routine tests. Results : The cause of syncope was identified as vasovagal in 25.7% ( n = 27) and related to dysrhythmia in 30.5% ( n = 32). The cause was migraine-associated syncope in two children, psychogenic syncope in three children and orthostatic hypotension in one patient. The cause was unknown in 36.2% ( n = 38). Conclusion : We conclude that dysrhythmia is a significant and frequent cause in children referred to pediatric cardiology units. The combination of ECG, Holter monitoring, electrophysiologic study, transtelephonic ECG and head-up tilt test can identify the underlying cause of syncope in as many as 58% of these patients that present with syncope.
Syncope is a relatively frequent symptom among pediatric patients and its evaluation is an important aspect of medical practice. 1 Causes of childhood syncope have traditionally been discussed under such headings as vasovagal, orthostatic, cardiac (due to arrhythmia or morphologic abnormalities), epileptic (neurologic), metabolic (hypolgycemia) or psychogenic. 2 The cause of syncope is often not determined, despite extensive investigations in up to 40% of cases. 3, 4 It is important to identify the high-risk group who may be in danger of sudden death. 3 Cardiac causes, especially syncope due to arrhythmias, should be considered among the malignant causes of syncope. 5 Still there is not a widely accepted algorithm of evaluation and management of syncope. Furthermore, most of the studies in this field relate to the adult population, with only a few reports focusing on younger patients. This study has been undertaken to determine the relative incidence and significance of dysrhythmia in the pathogenesis of childhood syncope among patients referred to a pediatric cardiology unit, who have structurally normal hearts.
Methods
Among the pediatric patients who were evaluated for at least one episode of syncope between March 1997 and March 1999, 105 consecutive patients (59 female, 46 male) aged 11.5 ± 3.6 years (median 12 years) without neurologic or significant cardiac morphologic causes were included in the study. Syncope was defined as sudden, brief and complete loss of consciousness.
All patients were evaluated using a standardized database, which included the details of the fainting episode, triggering events, duration of the event, preceding and/or associated complaints, previously known cardiac or neurologic disorders and family history of syncope, dysrhythmia, migraine or convulsive disorders. The patients were routinely evaluated for heart disease or neurologic disease with detailed history and physical examination by a pediatric cardiologist and a pediatric neurologist. Routine chest X-ray, 12-lead electrocardiogram (ECG), electroencephalography (EEG) and echocardiography were assessed. The neurologic causes of syncope were excluded with sleep-deprived EEG, EEG-video monitoring, cranial computed tomography or magnetic resonance imaging when the history of the syncopal event was suggestive of neurologic cause. When syncope was associated with exertion, treadmill testing and 24-h Holter monitoring were performed. For those patients with associated palpitation, Holter monitoring, transtelephonic ECG (TTE) and intracardiac electrophysiologic study (EPS) were carried out in a stepwise approach. Tilt table testing was undertaken for the cases of syncope, which were related to postural changes or other kinds of vagal stimuli. Patients with congenital heart defects and the neurological cases of syncope (e.g. epileptiform pattern on any of the EEG records) were excluded from the study. The evaluation of the syncopal patient and the assessment of the causes of syncope in our study are depicted in a flow chart in Fig. 1 .
The 24-h Holter monitoring was carried out with Del-Mar Avionics, Model 459.3 channel Cardiocorder (Del-Mar Avionics, California, USA) and evaluated by two experienced cardiologists. Treadmill testing was undertaken using Quinton treadmill system (Quinton, Bothell, WA, USA) and modified Bruce protocol. 6 Tilt table testing was carried out at a 60 ° angle, for 45 min, without medication. Vasovagal syncope was diagnosed with a positive response on tilt test or with the presence of a compatible history. [7] [8] [9] The EPS was carried out by an experienced electrophysiologist using electrical and pharmacological protocols. The EEG recording was measured with Nihon Kohden Model 5214 (Nihon Kohden, Tokyo, Japan).
Results
The patients were evaluated at our institution after a median of 4.55 (range 1-13) syncopal episodes. Considering the history only, 12% of the cases described syncopal episode associated with exertion, in 63% it was postural or related to autonomic stimulation, in 21% it was related to palpitation and headache and in 4% no prodromal symptom or event was described.
After careful work-up according to the flow chart in Fig. 1 , the cause of syncope was identified as vasovagal in 27 cases (25.7%) and related to dysrhythmia in 32 cases (30.5%). Long QT (an interval in ECG where it starts with the beginning of the Q wave of the QRS complex and ends where the T wave returns to baseline) syndrome was identified in two children (1.9%). Although torsades de pointes could not be demonstrated in these patients, this was speculated as the most probable cause of syncope. Two children who had throbbing headaches prior to the fainting episode and a history resembling vascular headache were considered to have migraine-associated syncope. Three children in whom no organic or dysrhythmic cause for fainting could be identified were thought to have psychogenic syncope and were referred to the pediatric psychiatry department. These patients experienced panic attacks followed by syncope during the tilt test with no reduction in blood pressure or heart rate. One patient fainted due to orthostatic hypotension during an urticarial attack. The cause of syncope could not be determined in 38 patients (36.2%) in spite of thorough investigation. The distribution of the diagnoses is in Table 1 .
The dysrhythmia was in the form of supraventricular tachycardia in 10 cases (re-entrant tachycardia in four patients, ectopic atrial tachycardia in three patients, atrial flutter in two patients and inappropriate sinus tachycardia in one patient), ventricular tachycardia in nine cases (three cases with catecholaminergic polymorphic ventricular tachycardia), long QT syndrome in two cases, complete atrioventricular (AV) block in seven cases and sinus node dysfunction in six cases.
The diagnosis was made by surface ECG in 11 patients. Seven patients had complete AV block, two patients had reentrant type supraventricular tachycardia and the other two patients had long QT syndrome. Holter records confirmed the diagnosis in patients with long QT syndrome and AV block. Ambulatory ECG monitoring revealed six cases of sinus node dysfunction (SND) with frequent pauses, four cases of ventricular tachycardia, a case of complex ventricular extrasystoles and three cases of supraventricular tachyarrhythmias. The types of supraventricular tachyarrhythmias were atrial flutter in a patient (diagnosed by Holter alone), ectopic atrial tachycardia and atrioventricular nodal re-entrant tachycardia (AVNRT) in the other two patients (definite diagnosis was made by EPS).
An EPS was performed on 17 patients. Although the Holter records disclosed frequent ventricular extrasystole (VES) in four patients and supraventricular extrasystole (SVE) in one patient, the EPS's were normal. Patients with ventricular tachycardia (VT) depicted on Holter records also underwent EPS, but the VT attack was induced only in two of them. A case of SND diagnosed by Holter monitoring was confirmed at the EPS. Additionally, the EPS improved the diagnostic yield in five patients with normal Holter records. In three patients VT was induced, AVNRT was induced in one patient and SND was diagnosed in another patient. These were the patients with frequent syncopal episodes associated with palpitation. Fig. 1 The assessment of the causes of syncope. CNS, central nervous system; CT, computed tomography; ECG, electrocardiogram; EEG, electroencephalography; EPS, electrophysiologic study; MRI, magnetic resonance imaging; TTE, transtelephonic ECG.
Among the 22 patients with TTE records, dysrhythmia was diagnosed in four patients with normal Holter records and EPS's. Two patients had ectopic atrial tachycardia (EAT) and one patient had VT.
Twenty-seven patients were diagnosed as vasovagal syncope. A positive response was observed in 22 patients during the tilt test. In the remaining five patients, although the tilt test was negative, the diagnosis was suggested by the typical history.
Discussion
Children presenting with a chief complaint of syncope constitute an important percentage of the patient population of pediatric outpatient clinics. Syncope is usually known to be vasovagal in origin in young patients and has a benign prognosis. It may also be due to cardiac arrhythmias. 10, 11 Kato et al . also described neurally mediated syncope complicated with paroxysmal atrial fibrillation in a patient that was recognized during the tilt test. 12 Malignant causes are more likely to occur with exertional syncope. 5, 13 The percentage of dysrhythmia in the cause of syncope has been reported as 4% in non-selected large series and up to 50% in more selected cohorts. 2, 3, 14 In the present study, various forms of dysrhythmia were identified in 30.5% of the cases. Vasovagal syncope constituted 25.7% of the cases. However, our study population was a highly selective one and is not representative of a patient population in a pediatric primary care outpatient clinic.
Initial history and physical examination can easily establish the diagnosis in up to 14% of the patients. 3 Similar fraction (18%) of our study group was diagnosed by history, physical examination and/or surface ECG. Considering the cases of syncope caused by dysrhythmia, 11 out of 34 (32.4%) were diagnosed by surface ECG, 14 out of 34 (41.2%) were diagnosed by Holter monitoring, six out of 34 (17.6%) were diagnosed by EPS and three out of 34 (8.8%) by TTE. However, it should be stated that EPS and TTE were not routine examinations, which explains the reduced diagnostic yields of these investigations. In a study conducted by Kuchar et al . cardiac causes were identified in 49% of 65 syncopal pediatric patients. 3 Holter monitoring was diagnostic in 23%, whereas EPS was diagnostic in 40% of the cases.
In a study by Sra et al . 86 syncopal patients were evaluated by tilt table test or EPS. 14 This study revealed 34% had abnormal EPS and 40% had positive tilt test. The cause of syncope remained unexplained in 26% of the patients. We diagnosed fewer cases of vasovagal syncope (25.7%), albeit the syncope was related to postural changes in 63% and more patients were left undiagnosed (36.2%). Although the tilt table test is the only diagnostic tool to examine vasovagal syncope, it has its shortcomings due to time dependent autonomic dynamics. 15 Most pharmacologically unprovoked studies disclose relatively low reproducibility in positive test results. Using pharmacological provocation such as, isoproterenol, increases the positive reproducibility. However, the dilemma about using pharmacological provocation is that while it increases a positive test reproducibility, it may reduce the specificity of the test. 1, [16] [17] [18] [19] [20] [21] The reduced number of cases with vasovagal syncope may be due to these shortcomings of the tilt table test.
Three cases were diagnosed as psychogenic syncope. Psychiatric illnesses capable of causing syncope are generalized anxiety disorders, panic disorder and somatization; major depression can also cause recurrent syncope. Linzer et al . have reported that up to 24% of patients presenting with syncope can have psychiatric causes and treatment directed to these pathologies may result in relief from symptoms. 22 Two cases, whose neurological and cardiac evaluation was negative, have been accepted as migraine-associated syncope due to the typical history. Reports have been published recording a first migraine attack resulting in syncope. 19 Whenever the initial evaluation does not lead to or suggest a diagnosis, the patient has unexplained syncope, and the decisions about further testing should be based on assessment of patient's risk factors. 18 There are published reports, which assign all cases with an unknown cause of syncope as neurally mediated syncope. 19 With the introduction of the insertable loop recorder, pilot studies have been performed by Krahn et al . 20, 21 There is anticipation of diagnosing more cases of dysrhythmic cause with this new equipment. In the present study, the syncope was considered as having unknown cause when the flow chart presented in Fig. 1 was completed, but no diagnosis was attained. Most of these patients had a single and mild syncopal episode, therefore were left to be followed without further testing. Reevaluation, including the retaking of history and the interviewing of witnesses to obtain more detailed information about the episode was performed for nine patients with recurrent history of syncope. However, a definite cause still could not be determined. Close follow-up of these patients was planned. We believe, to be capable of definitely diagnosing these cases and to discuss about their prognosis, longitudinal studies should be undertaken.
We conclude that dysrhythmia is a significant and frequent cause in children who are referred to pediatric cardiology clinics. The combination of ECG, Holter monitoring, EPS, TTE, and head-up tilt test can identify the underlying cause of syncope in as many as 58% of these patients.
